Based on the features of energy consumption and economic development in China, since single pollutant can hardly express the situation of environmental pollution, we propose a pollution emissions index that can reflect the level of environmental quality, measure China's 28 provinces' environmental quality from 1995 to 2010 with a dynamic objective evaluation method based on the overall differences first time. Then panel data model was applied to analyze the impact of energy consumption and economic development on China's and regional environmental quality. The results showed that emissions index varied among different regions and there was great potential for emission reduction; there was a significant positive correlation between emissions index and scale of economies and industrial structure; there was a negative correlation between emissions index and energy efficiency, energy prices and degree of opening up. Policy implications are as follows: 1) reduction policies should be made in line with local conditions; 2) the eastern region is the key areas of emissions reduction; 3) to improve energy efficiency is an important way to reduce emissions.
Introduction
In the past 30 years, China has experienced sustained and rapid economic growth, which is partly simulated by the extensive mode of economic growth aimed to GDP onesided. However, a series of problems such as energy shortage and environmental pollution has been brought meanwhile. Faced with a "dilemma" between energy and development in the traditional sense to a "tripartite tangle" of energy, environment and development, the state proposed the strategic goal of building a "two-oriented society" timely, trying to achieve the harmony and unity of the three by integrating. In the "Eleventh Five-Year Plan", it is clearly proposed that energy consumption intensity (ton of standard coal per ten thousand Yuan Dynasty of GDP) should be reduced by 20% and major pollutants emissions should be cut 10%.
Economic development must not stop in spite of energy consumption and environmental pollution. Since Chinese reform and opening up, energy consumption has increased significantly in the rapid economic growth: in 2010 it is 5.69 times as that of 1978. However, energy consumption intensity (in current price) dropped significantly from 15.68 tons of standard coal in 1978 to 0.81 tons of standard coal in 2010 and the proportion of coal in total energy consumption fell by 2.7 percentage point. Meanwhile the rate of environmental pollutants emissions decreased as well. These indicate it is possible that achieving the strategy of sustainable development through To control the regional pollution is based on a clear understanding of the regional pollution characteristics, which can provide a theoretical basis and macro-control ideas on coordinating regional economic development, energy consumption and environmental protection in China. Therefore, we will correctly understand and accurately evaluate the environmental pollution in different areas of China and study the influence of energy consumption structure, energy consumption intensity, energy prices, economic growth and economic structure on the environmental pollution in different regions of China. The study can help to find out the potential cause of the difference of the environmental pollution in different areas, provide a scientific basis on formulating the effective measures of reducing pollution emissions, and then contribute to the long-term sustainable economic development of China. Overall, it is undoubtedly significant in both theory and practice to correctly.
Literature Review
Foreign scholars studied the impact of economic development and energy consumption on the environmental quality earlier. Hettige et al. (2000) [1] calculate the effect of economic scale, industrial structure and technology on the BOD of both developed and developing countries. Zhang (2000) [2] calculates the effect of the proportion of fossil energy in total energy consumption, the ratio of fossil energy consumption to non-fossil, productivity and economic scale on the carbon dioxide emissions of China. Antweiler et al. (2001) [3] calculate the effect of economic scale, industrial structure, technology and trade on global sulfur dioxide emissions. Stern (2002) [4] believes that the expansion of economic scale has a positive effect on the increase of global sulfur dioxide emissions while it has a negative effect on scientific and technological progress by non-linear pollution decomposing model and regression analysis based on the panel data of 64 countries' sulfur dioxide emissions in [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Dinda (2004) [5] considers that there are many reasons for environmental degradation, while the main factors are the expansion of economic scale, changes in industrial structure as well as scientific and technological progress.
Domestic scholars researched more deeply into the issues of economic development, energy consumption and environmental quality from various angles. Yang Fu-xia, Nie Hu-ling, Yang Mian (2010) [6] measure the composite environmental pollution index of China in 1986-2007 by selecting three indictors: the total wastewater emissions, industrial exhaust emissions and industrial solid waste emissions; then study the effect of industrial structure, environmental policy, the level of urbanization and FDI on the composite environmental pollution index of China via introducing the generalized impulse response function to analysis of VEC model. Ding Huan-feng, Li Pei-yi (2010) [7] quantitatively and comparatively analyze the overall patterns of regional pollution, the difference of regional pollution control efficiency and the structural features of regional pollution throughout the country and four regions due to the statistical data of economic development and six pollution indicators including industrial wastewater emissions and industrial exhaust emissions of all the regions in China in 1998-2008. Wang Jun-song, He Can-fei (2010) [8] decompose and analyze the carbon dioxide emissions of China in 1990-2007 through the LMDI model (Logarithmic Mean Divisia Index). He Jie (2010) [9] establishes a fourequation simultaneous system and estimates the model based on the panel data of 29 provinces' industrial sulfur dioxide emissions in China in [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] ; it turns out that exports and imports of manufactured goods play a completely opposite role in the decision of industrial sulfur dioxide emissions. Li Guo-zhang, Jiang Jin-rong, Zhou Cai-yu (2009) [10] consider total factor energy efficiency, industrial structure and energy structure are the main factors that affect the environmental pollution of China. He Zheng-xia, Xu Shi-chun (2009) [11] characterize environmental pollution with "Industrial three wastes"; then discover that export deteriorates the environment at some level and meanwhile export growth is the Granger cause of the increase in environmental pollution. Yu Mei-xia, Zhou Min-liang (2009) [12] quantitatively analyze the main factors that influence the change of each province's environmental quality in China by principal component analysis due to the data of water, atmospheric and solid pollution. Lin Bo-qiang, Jiang Zhu-jun (2009) [13] analyze the main factors that impact the per capita carbon dioxide emission of China by LMDI and the model of STIRPA; then they believe except per capita income, all of the factors including energy consumption intensity, industrial structure and energy consumption structure have a significant effect, especially industrial energy consumption intensity. Yang Wan-ping, Yuan Xiao-ling (2008) [14] calculate the environmental pollution index of China in 1982-2006 based on six environmental pollution indictors, which can represent the overall conditions of environmental pollution; they research into the long term and dynamic impact of foreign trade and FDI on the environmental pollution in China by the impulse response function of VAR model and variance decomposition analysis. The analysis results show that FDI and import trade improved environmental quality while export trade deteriorated the environmental quality in China. Yu Feng, Qi Jian-guo, Tian Xiao-lin (2006) [15] characterize the level of environmental pollution with sulfur dioxide emissions; regression analysis based on the panel data of China's 28 provinces, municipalities and autonomous regions in [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] indicates that the expansion of economic scale as well as the changes of industrial structure and energy consumption structure exacerbated environmental pollution while the improvement of productivity as well as the innovation and promotion of environmental technologies reduced environmental pollution.
It can be seen that the above embrace both direct and indirect way, in which economic development and energy consumption affect environment. However, when the mechanism of action how economic development and energy consumption impact environment studied, there are at least two issues: 1) most literatures characterize environmental quality with single indicator or multiple single indicators. Single indicator is difficult to represent the pressure on the environment (Grossman and Krueger, 1991 [16] [19] ), which is a step forward than single indicator, yet there is a great deal of subjectivity and limitations because of the evaluation object selected only from a single region or the weights determined by experts scoring method. Yang Long, Hu Xiao-zhen (2010) [20] and Shen Neng (2010) [21] comprehensively evaluate environmental quality of province region by improved entropy method, but there are at least two debatable problems: a) there is duplication of selecting indicators, because they ignore the fact that industrial exhaust emissions include industrial soot emissions, industrial dust emissions and industrial sulfur dioxide emissions; b) inter-provincial pollution evaluation is not comparable, since entropy method is only suitable for the analysis of time series or cross-sectional data, then the data of panel analysis is not comparable among province. 2) Most studies limit to single or sporadic several elements and lack of comprehensiveness and systematization.
Owing to these, we try to expand existing literatures on the basis of existing achievements: above all, we set up a comprehensive indicator of environmental qualitythe environmental pollution index. Since we introduce a dynamic objective evaluation method in view of the overall differences to evaluate the environmental quality of China's provinces at different times, the index can maximize the representation of the overall environmental quality in order to solve the dilemma that the empirical research based on a single or a few independent environmental pollution indicators can not reveal the overall environmental quality. Next, in the perspective of economic structure and energy, we comprehensively and systematically study the main factors affecting environmental quality by panel data model so as to find a reasonable scientific basis for formulating environmental policy and explore the focal point of emission reduction.
The Trend of Environmental Quality

Indicator Selection and Data Sources
Environmental quality can be measured from multiple dimensions. Taking the availability of data into account, the paper selects the indicators of pollution emissions; considering the impact of three pollutants including wastewater, exhaust and solid waste, the paper consolidates them to form a pollution emissions index that can reflect the level of environmental quality. Because wastewater and exhaust is difficult to be stored, emissions are adopted. Since tremendous amount of solid waste is stored instead of being discharged, production is employed. Seeing that the monitoring and statistics of China's environmental quality is mainly on the base of industrial pollutants statistics, finally we pick industrial wastewater emissions, industrial exhaust emissions and industrial solid waste production as indictors that influence the comprehensive evaluation index of environmental quality. The index simultaneously considers the impact of gaseous, solid and liquid emissions on the environmental quality, which is able to report environmental quality better. Therefore, we can directly compare the overall environmental quality of various regions. Data sources from "China Statistical Yearbook" and "China Statistical Yearbook of Environment" in the relevant years.
Dynamic Comprehensive Evaluation Method of Pollution Emissions Index
Evaluation of environmental quality should be based on objective fact to avoid the interference of subjective factors. Thence, we choose dynamic objective comprehensive evaluation-vertical and horizontal scatter degree method [22] , which is suitable for panel data. It is the first time that the method is used to evaluate environmental quality. 
In the formula: 
In the formula:
3) Find maximized eigenvalue and standard eigenvectors  corresponding to it. And,
4) Calculate weight vector j  : Normalize standard eigenvectors  to certain combined j  .
5) Calculate the numerical value of environmental pollution index :
In the formula: is the pollution index that indicates the environmental quality of province at time
 is the weighs of pollution emission j. The larger the index, the worse the environmental quality.
The Evolution of Environment Quality
The study covers all the regions of China except Tibet, Taiwan, Hong Kong and Macao. Moreover, in order to maintain the consistency of the statistical coverage of data, we classify the data of Hainan Guangdong and the data of Chongqing Sichuan, thus there are 28 provinces, municipalities and autonomous regions altogether (hereinafter referred to as provinces).
Calculate the weight coefficient corresponding to maximized eigenvalue due to symmetric matrix H. Then we can obtain the numerical value of the comprehensive evaluation of the environmental quality in 28 provinces-pollution emissions index . For the purpose of visual comparison and generality, we process the translation of , which is Table 1) . From the regional perspective 1 (east, central region and west) (Figure 1) , the mean of pollution emissions index of east in 1995-2010 is in an overall upward trend; while that of central region is exactly opposite, in a gradual downward trend; the index of west in 1995-2010 is in an overall upward trend as well, it is noteworthy that the trend of pollution is severely exacerbated after 2000.
Comparing the mean of pollution emissions index of different regions in China in sample period of 1995-2010, we can see: the mean of pollution emissions index of east, central region and west are followed by 2.2711, 2.2175 and 1.5488 in sample period of 1995-2010, the mean of east and central region is higher than that of China and much higher than that of west. Single provinces whose numerical values of pollution emissions index are higher than the sample mean of all provinces are followed by Hebei (3.8212), Jiangsu (3.4260), Jilin (3.4194), Liaoning (3.4066), Shanxi (3.1711), Heilongjiang (2.6472), Henan (2.6263), Shandong (2.5830), Zhejiang (2.2650), Hubei (2.0793), Ningxia (2.0210) and other provinces.
Data Sources and Model Specification
Data Sources
The paper applies the panel data of China's 28 provinces in 1995-2010. Data sources from "China Statistical Yearbook" and "China Statistical Yearbook of Environment" in the relevant years. Explained variable is the pollution emissions index that represents the environmental quality; on the basis of China's current historical period and its real situation, explanatory variables include: 1) Economic scale (GDP). Characterize it with GDP of each province, set 1990 as the base year and commodity retail price index lay the foundation of GDP decorator; 2) Industrial Structure (SC). Use each the proportion of (regional) secondary industry output in (regional) GDP to indicate SC; 3) Trade Openness (OPE). Express it as the proportion of (regional) import and export value (in RMB) in (regional) GDP; 4) Energy Efficiency (EE). It equals reciprocal of energy consumption intensity; 5) Energy Price (EP). Express it as Purchasing Price Index of Raw Material, Fuel and Power（PPIRM）and set 1990 as the base year.
Considering that logarithm can eliminate heteroscedasticity of data and maintain the characteristic of data, in the paper we actually analyze logarithmic value of each variable. Therefore, we construct an empirical model containing seven explanatory variables. , ,
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In the formula: i, t denote the corresponding value of different provinces in different period; ij  is stochastic error term and obey normal distribution.
Model Specification
Because of the data in the paper is 28 provincial crosssectional data of year 1995-2010, they can be regarded as Pool Data as well as Panel Data. Pool Data assumes each cross-section independent but obey different distribution while Panel Data is obtained by annually repeating the measurement of the same individual within a certain time, which allows a certain degree of correlation between each cross-section [23] . Since each provincial data of economic development, energy consumption, environmental pollution isn't dependent, we choose to construct a panel data model and estimate by software, Eviews6.0. The basic expression of panel data model is:
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In the formula: y is explained variable; x is k-dimensional explanatory variable; i means cross-sectional data; t indicates time-series data; β is the vector of regression coefficient; intercept term is can be divided into three basic regression models: ordinary mixed regression model, fixed-effect model and random effect model. As Panel Data possess two-dimensional characteristics of cross-section and time-series, the model specification directly determines the effectiveness of parameter estimation. Therefore, the test of estimation model specification is essential. We introduce individual fixed-effect test and Hausman test to judge and choose model from three basic regression models. Test results are shown in Table  2 .
Depend on test results, with significance level 1%, F test reject all the null hypothesis and accept all the alternative hypothesis; so does the Hausman test. Therefore, the model specification in the paper is individual fixedeffect model.
The Measurement Results
We should accept generalized least squares method to conduct regression analysis of model (5) in order to eliminate heteroscedasticity and serial correlation that may exist in the panel data analysis. Then we establish individual fixed-effect model based on the panel data of nationwide, east, central region and west. Regression results are shown in Table 3 .
From Table 3 , we obtain the following results: 1) Economic scale facilitates the increase of national and western regional pollution emissions. In the condition of the other factors unchanged, when GDP increase by 1%, pollution emissions will increase by 0.05% from the national angle; from the western angle, the pollution emissions will increase by 0.07% and is significantly higher than national level. Then the coefficient of east and central region is negative, indicating the pollution emissions of east and central region is gradually reducing with economic growth. In the condition of the other factors unchanged, when GDP increase by 1%, from the eastern angle, pollution emissions will decrease by 0.06%; from the central regional angle, pollution emissions will decrease by 0.12%. Prior to 2020, China's economy will maintain rapid growth. Therefore, the pollution emissions that result from economies of scale will be inevitable.
2) Industrial structure also exacerbates the increase of pollution emissions except that of west. The coefficient of central region do not pass the test with significance level 10%, indicating that industrial structure has an unapparent effect on pollution emissions of central region. Meanwhile the coefficient of west is negative, from the angle of real situation, in the process of the industry transfer from east to west, western region has avoided the simple pollution transfer by the formulation of policy, and the pollution has been decreased. However, industrial structure of east and west has a negative effect on the decrease of pollution emissions. As the process of China's industrialization won't basically end until 2020, the increase of pollution emissions caused by industrialization tendency of industrial structure will be unavoidable.
3) Improving of trade openness is helpful to reduce pollution emissions except in east. However, only the coefficient of west passes the relevant significance test, trade openness promote rational allocation of resources in the world, which makes China's industrial structure more reasonable and promote technological progress. In a word, the overall impact of trade openness on environment is favorable and "pollution haven hypothesis" isn't obvious in China. However, as the result of global financial crisis, it is difficult to reduce pollution emissions by improving trade openness. 4) From the national angle, improving of energy efficiency contributes to reducing pollution emissions, and its coefficient test is significant, indicating the influence is significant. However, from the regional (east, central region and west) angle, since the development stages of east, that are different, the gap of technological progress among regions still exists. Therefore, improving energy efficiency is an effective way to reduce pollution emissions.
5) Rising energy prices significantly affect reducing pollution emissions of west, when energy prices rise by 1%, pollution emissions of west will reduce by 0.27%. In recent years, China's reform in energy sector has achieved initial success, government regulation on energy prices has been gradually liberalized and some energy field has established market mechanism. However, due to the different process of regional marketization and differences of energy resources endowment, east whose energy resource is poor pay more attention to the relationship of input and output, when energy prices rise, these areas will make it possible to improve energy efficiency through resource allocation of market and substitution effect of technical progress.
Conclusions and Revelation
As single pollutant can hardly express the situation of environmental pollution, we propose a pollution emissions index that can reflect the level of environmental quality, measure China's 28 provinces' environmental quality from 1995 to 2010 with a dynamic objective evaluation method based on the overall differences first time, and test the impact factors on China's and regional pollution emissions index by panel data model, we get the following conclusions.
1) China's 28 provinces' pollution emissions index that is measured by dynamic objective evaluation method based on the overall differences-vertical and horizontal scatter degree method is more scientific and realistic and has the vertical and horizontal comparability. It turns out that east and central region are the major regions of China's pollution emissions, but that of central region is in a gradual downward trend; 28 provinces' pollution emissions index is greatly different and it is huge potential to reduce pollution emissions.
2) In terms of nationwide, energy efficiency, energy prices and trade openness have a negative effect on pollution emissions index. However, the impact of each variable on each region is very different. The above conclusions imply policy implications including: 1) In line with whole national interests, when formulating pollution emissions reduction policies, governments should not only focus on national situation but also the actual situation of each region's development to develop different policies due to different regions; 2) It is the key links of reducing pollution emissions to improve energy efficiency and deepen market-oriented reforms of energy prices by straightening out property right system of resources and environment, cultivating property right trading market of resources and environment, rising the relative price and cost of energy, and gradually build pricing mechanism that can reflect resource scarcity, the relationship of market supply and demand and environmental costs, which can provide effective and lasting incentive to reduce pollution emissions.
